Change blindness is an important phenomenon where a driver may skip some information in the driving scene due to its rapidly changing and dynamic character. The purpose of this paper is to examine the effect of simultaneous emotions and driving tasks on change blindness. Twenty college students with driving licenses were taken as the study subjects. The experimental program involved two types of emotions combined with four driving tasks. Showing 10 minutes movie to arouse two types of emotions was one methodology and using E-prime software to show one-shot paradigm of change blindness was the other. The results show that emotion and driving tasks affect change blindness. The subjects took longer time to perceive the changes in the mood of negative emotion than they did in the mood of positive emotion. The level of change detection was found to decrease after the driving tasks were performed. Furthermore, the tasks with traffic signs showed more change blindness than those without traffic signs. The groups performing the turning-right tasks exhibited more change blindness than those performing the going-ahead tasks. The practical contributions of the present study are discussed in relation to the human-oriented design of traffic signs.
Introduction
The impact of change blindness on our lives is exceedingly strange, and usually people are hard to realize this effect. Traffic collision studies indicate that the error distribution of attention is the main cause of collisions [1] [2]. Most collisions happened because of a too-late notice or no notice at all of critical information in the road scene [3] .
Theoretical values of change blindness have attracted much attention for several decades such that it becomes a research hotspot. Research on change blindness in the literature has ranged from the study of scattered verified phenomena to the study of information integration of the real scene [4] [5] . Previous studies suggested that change blindness referred to the observer's awareness of the changes between two scenes, but are imperceptible changes of an object or scene due to the flicker, blink of an eye, scanning, or film switching [6] . Even if the eyes are fixed on the vicinity of the position where change occurs, the observer cannot perceive this change. At present, change blindness is defined as a situation in which the driver is not effectively able to detect changes in the rapidly changing and dynamic environment [7] . Change blindness occurs because the observer, first of all, focuses his/her attention on the meaning of the visual scene when looking for a change. The focus of attention is directed by the target and enables the observer to use cognitive resources (strategies) to quickly find related information within the limited space [6] .
Several researchers have studied the effect of driving tasks on change blindness. Koustanai, Elslande & Bastien (2012) [8] explored the main effects and the interaction of left-turn driving in France (equivalent to right-turn driving in China and North America), environmental landscape, and level of participant driving experience in the experiment. Change blindness affects driver's use of cognitive strategy in actual situations. Previous studies show that even very large changes may not be noticed if they are not the focus of attention. Besides, the mood of emotion was found to affect the scope of attention. Studies on emotions have shown that positive emotions broaden the scope of attention and thought-action repertoires, while negative emotions narrow these repertoires [9] . Because positive emotion produces "broad, flexible cognitive organisation and ability to integrate diverse material" [10] , the effects are linked to increases in brain dopamine levels, particularly in the prefrontal cortex and anterior cingulate, which are thought to underlie better cognitive performance [11] . As such, it was believed that positive emotions promote task-switching attention as a result of detecting environmental changes more efficiency than negative emotions do.
Recent research has examined the effect of simultaneous emotions and normal cognitive tasks [12] . The results showed that positive emotions play a promoting role in the cognitive task and negative emotions hinder the individual to perceive changes. Moreover, the influence of emotion on change detection was mediated by cognitive task difficulty, where positive emotion aids change detection in difficult tasks, while emotion states have no effect on change detection in easy tasks. In recent years, studies on change blindness have made substantial development [13] , but the research on the effect of simultaneous emotions and driving tasks is lacking. Traditional cognitive processing research usually excludes emotional factors to more accurately reproduce the human information processing stage. In fact, emotions and cognition interaction complement each other.
The present study aimed at determining the effect of simultaneous emotion and driving tasks on change blindness. The experimental program involved four driving tasks combined with two states of emotions. The driving tasks were: going ahead (AHEAD-task), turning right (RIGHT-task), going ahead under guiding signs (AHEADStask), and turning right under guiding signs (RIGHTS-task). The two states of emotions were: positive or happy emotion (P-emotion) and negative or angry emotion (N-emotion). The hypotheses of the study are as follows: 1) different driving tasks may affect different abilities of change blindness (time and accuracy of change detection), 2) the state of emotional arousal affects the level of change blindness, and 3) the level of change blindness is different in the two states of emotions of experimental measurement, where drivers with positive emotions more easily detect changes in the driving scene and those with negative emotions are prone to change blindness.
The following section presents the research methodology, including participants, experimental materials, and experimental process. The research results and discussion are then presented, followed by conclusions.
Research Methodology

Participants
Twenty eight students from Fuzhou University (aged 20 to 24) whose driving experience was less than two years were randomly divided into two groups. One group was aroused with P-emotion and the other was aroused with N-emotion. After the arousal phase, eight students were discarded from the experiments since their arousal was not adequate, as discussed later. The final experiment included 10 students (5 males and 5 females) in each 
Experimental Materials
The experimental materials included participant questionnaire, initial change blindness materials, emotional arousal materials, and final experiment materials. The participant questionnaire is mainly used for collecting the driving years of the participants in order to filter them. A description of the other three types of materials is presented next.
Initial Change Blindness Materials
Materials for assessing the initial change blindness included 40 photos with different transport-related scenarios, 20 of them were selected to manipulate with photoshop software by inserting or deleting the traffic-related scenarios, such as a car, pedestrians, traffic lights. The Eprime software was used in the experiment.
Emotional Arousal Materials
These materials included videos that can effectively lead to P-emotion and N-emotion. For N-emotion, several local studies have confirmed that The Tokyo Trial is the appropriate film material to induce anger emotion (this film presents scenes related to the Japanese invasion of China in World War II). For P-emotion, two video clips that could trigger the required emotions were preliminary selected from the literature: Chrysanthemum to the Beast and Lost on Journey, The screening process to determine the best video was as follows. After watching the videos, the participant was asked to fill in an emotional evaluation form that included six kinds of emotional intensities. For each kind, the participant recorded a score from 0 to 6 (Likert 7 scale), where 0 means no emotional intensity and 6 means high emotional intensity. The scores were then statistically analyzed. The effects of the video induced emotion were evaluated using three measures: induced intensity, hit rate, and statistical significance ( Table 1) . The induced intensity refers to the average induced emotions, including target and non-target emotions. The higher the value of the target emotion is, the higher the intensities of the induced emotion. As noted, the induced intensity of the happiness emotion is higher than that of other emotions in the two films and the induced intensity of the happiness emotion in Lost on Journey is better than that in Chrysanthemum to the Beast (4.80 > 4.47). The other two statistical measures also supported the selection of Lost on Journey. Therefore, the two videos selected for conducting the final experiment were Lost on Journey and The Tokyo Trial (each video was watched by the participants for about 20 minutes).
Final Experiment Materials
The final experiment design involves 80 pairs of photos with four different driving tasks. Each task consisted of 20 pairs of photos.
Experimental Process
The experiment was divided into five phases: 1) Filtering participants, 2) assessing initial change blindness, 3) creating emotional arousal, 4) conducting final experiment, and 5) processing data. In Phases 2 and 4, a one-shot paradigm, in which one each scene included only a single change, was applied in the experiments. 1) Filtering Participants: Twenty eight participants with two-year driving experience were selected from Fuzhou University campus. The participants were randomly divided into two groups, one group for P-emotion and the other for N-emotion. Eight participants were eliminated because they did not achieve the required level of emotional arousal (Phase 3).
2) Assessing Initial Change Blindness: This phase involved the following procedures: a) present the masking stimulus "+" for 3 s, b) randomly select and present the original photo for 3 s, c) present a blank screen for 1 s, and d) present the changed photo or the original photo for 3 s. The change in the target photo is related to traffic operation (e.g. cars, passengers, or traffic lights). The participant was asked to press a key to judge whether the two photos presented before and after were the same or different. The participant then pressed the F or J key, if he/she perceived or did not perceive a change, respectively. The Eprime software recorded the reaction time (R) and accuracy in percentage (A) for each participant. These measures are defined as follows:
where T 1 = time when the second photo goes off, time when the participant presses the F or J key, T 2 = time when the participant presses the F or J key, n = number of photo pairs answered correctly, and N = total number of photo pairs shown to the participant.
3) Creating Emotional Arousal: Before the final experiment, P-emotion group watched a segment (about 20 minutes) from the movie Lost on Journey and N-emotion group watched a segment from the movie The Tokyo Trial. Then, the participants reported whether they were in emotional arousal on a scale of 1 to 10, where 1 means low arousal and 10 means high arousal. The participants who recorded emotional arousal of 5 or more were allowed to continue for the final experiment. (Figure 1 ): The final experiment was conducted using the Eprime software. The paradigm adopted in the experiment was similar to that of Koustanai et al. (2012) . The participant attention was dispersed by assigning the task before the start of the experiment. In this way, the participants would focus their attention on the completion of the task rather than on the emergence of a change, so they caused change blindness. As previously mentioned, the study included four task conditions combined with two types of emotions. In each experiment, the instructions were presented to the participants and they were asked to carefully read them. Then, the masking stimulate "+" is presented, followed by the original photos for 3 s (no task interference, and the photos of four kinds of tasks were presented randomly). Next, a blank photo is shown for 1 s, followed by the original or the changed photo for 3 s.
4) Conducting Final Experiment
After each experiment, the participant was asked to evaluate the difficulty of completing the task in the lastpresented scene. The response options were: "easier" (no obstacles were encountered in achieving the task), "more difficult" (an obstacle was encountered and prevented the achievement of the task promptly), or "impossible" (task could not be achieved). The participant completed the response by pressing the F, K, or O key, respectively. Then, the reaction time and accuracy were recorded. The participants chose the "impossible" option when the facilities in the photos were insufficient to make them achieve their goals. For example, the participants were required to drive according to the traffic signs suggested while there were no traffic signs in the photo.
5) Data Processing:
The reaction time and accuracy data recorded using the E-prime software were organized. Then, the statistical analysis of the organized data was performed using the statistics software SPSS16.0.
Results
The effects of emotion and driving tasks on driver change blindness were evaluated. The initial change blindness between the two emotion groups was analyzed using the independent t-test ( Table 2 ). It was found that the two groups were homogeneous for both reaction time (t = 0.346, p > 0.05) and accuracy (t = −0.763, p > 0.05), so they were qualified to take part in the next phase the experiment. In addition, the two-way repeated ANOVA was applied to test the effects of various factors and their interactions on change blindness.
Effect of Emotions on Change Blindness
The difference between the change detection times of the initial and final experiments (2.199 s and 2.379 s, respectively) was not found to be significant for P-emotion group (t = 0.817, p = 0.435). For N-emotion group, the difference between the change detection times (2.088 s vs. 2.595 s) was significant (t = 2.333, p = 0.045). On the other hand, both emotional groups showed a significant impact on decreasing change detection accuracy between initial and final experiments (62% -65% and 46% -47%, respectively).
To better understand how much decreasing effect was statistically changed, the independent t-test was applied to test the difference between change detection times and accuracies of the final and initial experiments. As noted, the difference was not statistically significant for both indicators. These results suggest that driving change blindness is impacted by emotions (positive or negative) and both emotions equally impact the decrease in change detection accuracy. It was noticed that N-emotion group required more time to detect the change than did P-emotion group.
Effect of Driving Tasks on Change Blindness
As previously mentioned, two categories of driving tasks were used: sign-guided tasks and direction-guided tasks. The results show that, compared to the initial level of change blindness, the driving tasks impacted the performance of change detection for either the reaction time or the accuracy of responding. Specifically, signguided driving tasks had longer change detection time than no sign-guided tasks (2.609 s and 2.361 s), Compared with the initial change detection time, sign-guided tasks induced significantly longer reaction times than no-sign-guided tasks (t = 3.248, p < 0.01). There was no significant difference in the change detection accuracy for both sign and no-sign-guided tasks.
For direction-guided tasks, turning-right tasks had longer change detection time than going-ahead tasks did (2.571 s vs. 2.399 s). Compared to the initial change detection time and accuracy, turning-right tasks induced significantly longer reaction times than going-ahead tasks, where (t = 3.954, p < 0.01) and (t = 3.339, p < 0.01), respectively. The change detection accuracy in turning-right tasks decreased more than that of going-ahead tasks (41% vs. 52%). To better understand the effect of change detection in the four driving tasks, a post-hoc comparison was applied to examine their interaction effects. For change detection time, there was no difference between RIGHTtask and AHEADS-task. The results of all other driving tasks showed a significant difference. For change detection accuracy, no difference was found for the right-turn tasks with and without signs. The results of all other driving tasks compared in pair were also significantly different.
In general, the change detection time increased differently when the driving task changed. RIGHTS-task required the longest change detection time than the other three driving tasks, followed by AHEADS-task, RIGHTtask, and AHEAD-task. In fact, there was no difference between RIGHT-task and AHEAD-task. Furthermore, for change detection accuracy the right-turn tasks with and without signs showed no significant difference. AHEAD-task had the least effect on change detection accuracy, followed by AHEADS-task, RIGHTS-task, and RIGHT-task. That is, change detection accuracy was less influenced by AHEAD-task than by RIGHT-task.
The analysis of the main and interaction effects of the driving tasks and emotions was also examined. The main effects of the driving tasks for reaction time and accuracy of the participants' responses were significant, where (F(3, 799) = 9.294, p < 0.05) and (F(3, 799) = 5.013, p < 0.01), respectively. The effect of emotion on change blindness was not significant for reaction time or accuracy, nor was the interaction effect of emotion and driving tasks.
Discussion
Change blindness is associated with attention and visual perception. Therefore, its paradigms are increasingly used in vehicle driving research because they are measuring how drivers process environmental information in their visual surrounding. The findings of such research could have important implications on transportation design and operation. The present study used a one-shot paradigm to compare the determinants of change detection as a function of both emotions and driving tasks. The study results have highlighted several important aspects of change blindness.
First, the results suggested that the accuracy of change detection was about 62% -65% in the initial experiment, compared with 46% -47% in the final experiment. The difference was statistically significant. Such a difference is likely to be understood by the characteristics of change blindness. The ability of change detection is one measure of change blindness. It can also be explained by the visual attention hypothesis [14] . Although the visual system appears to be hardwired to detect these transients, they are not always present when something changes. In addition, visual changes can be remarkably difficult to detect under different conditions [5] .
Many studies have explored what change detection failure really means. Does it mean that viewers did not represent visual information or they did represent it but failed to be aware of it? Generally, research suggests that viewers do, in some cases, represent visual information but may not do so automatically or indiscriminately. Therefore, it becomes critical to understand how visual attention is guided by knowledge, context, and visual characteristics. Some studies found that about 50% naïve participants were unable to detect the changes when the stimulus was displayed in static images [5] [15] and about 30% of the observers failed to detect the changes when the stimuli was completely novel in shape and color [16] . Overall, the phenomenon of change blindness suggests that observers may not be completely aware of the attended stimulus and the amount of detected stimulus may vary under different conditions (e.g. naturalistic and experimental).
Second, the effect of emotion was found in the initial change blindness phase of the experiment. Positive and negative emotions affected driving change detection. P-emotion group perceived the changes faster than did Nemotion group. Both emotions have decreased the accuracy of change detection. This suggests that both types of emotions are influential in change detection. In terms of reaction time, N-emotion group obviously required longer detection time than did P-emotion group. The effect of negative emotion is congruent with the emotion theory in the literature. According to this theory, negative emotions require more cognitive resources as a result of the longer time needed in the information processing. Therefore, the present study has demonstrated that positive emotions promote change detection and negative emotions interrupt the perceived changes in time. These results could infer that negative emotions decrease the speed of information processing with no effect on the accuracy of change detection.
Third, driving task effects were found in the final phase of experiment. There was no interaction effect between emotion and driving tasks. This finding is presumably due to the fact that positive and negative emotions have similar effects (accuracy of change detection) on driving behavior. The lack of interaction between emotion and driving tasks may be due to the small differences in performing different driving tasks. Therefore, under different driving tasks driver behavior does not substantially change for different emotions. Nonetheless, driving tasks do have their own effects on change blindness. The results show that the signguided driving tasks caused an incremental effect in reaction time. The theory of cognition resources might be applied to explain these results. It is speculated that cognition resources are likely to be more occupied in the driving task under traffic signs than in those without traffic signs. Since the differences of the driving tasks under both conditions are too small to require more cognition processing in decision-making, there is not much decrease in the accuracy of change detection for both types of driving tasks.
The results show that the reaction time increment for RIGHT-task was much more than that for AHEAD-task. It is suspected that drivers are likely to spend more time in detecting dangerous stimuli when executing right turns. The results also found that the accuracy of change detection decreased much more dramatically in RIGHT-task than in AHEAD-task. It is postulated that right turns involve more difficulties to detect the safely threats from vehicles on the left side of the driver. The eye movement strategy may explain these results. The vision searching strategy is central, right, and left-orientation in this order (based on the rule of driver's seat on the left). Therefore, it is not difficult to understand that driver's attention would be devoted to the right side more than to left side, leading to a possible adverse effect on change detection.
Conclusions
This study has examined the effect of simultaneous emotions and driving tasks on change blindness. The experiment involved two types of emotions (happy and angry) combined with four driving tasks involving going ahead and turning right with and without guiding traffic signs. Based on this study, several comments are offered.
First, the negative emotion did affect the level of change blindness in terms of longer time of change detection. However, there was no significant difference between the P-emotion and N-emotion groups in terms of accuracy of change detection. Besides, compared with the initial change blindness experiment, it was found that emotion had an effect on change blindness by decreasing the accuracy of change detection in the final experiment.
Second, emotion and driving tasks will likely influence driver change blindness. More specifically, negative emotions increase the reaction time in driving more than positive emotions do. Different driving tasks also had a significant effect on change blindness, where the tasks with signs took up more cognitive resources than did the tasks without signs. The turning-right tasks are more likely to suffer change blindness than do the going-ahead tasks. This finding would support the "No Right Turn on Red" practice at major signalized intersections, where right turns are allowed only when the respective travel directive receives a green signal indication.
Finally, this study has focused on the effect of emotion and four driving tasks (turning-right and going-ahead) with and without guiding traffic signs. Future research may address the effects of other driving tasks such as left-turn with permitted and protected traffic signals. Permitted left-turn movements are especially important since they involve a more complex environment that includes opposing vehicles and pedestrians competing for driver's attention.
